To evaluate patients' quality of life (QOL) after surgical extirpation of anterior skull base tumors, to elucidate different QOL domains, and to define possible predictors of functional outcome postoperatively.
Results:
The response rate for completing the questionnaire was 98% (40/41) after excluding patients who died (n=13), were lost to follow-up (n=10), and were operated on within 3 months of commencement of the study (n=5). Thirty patients (74%) reported a significant improvement or no change in overall QOL within 6 months after surgery. The worst impact of surgery on the patients' QOL was on their financial status and emotional state. The most influential factor on QOL was malignancy leading to a significant decrease in the overall score. Radiotherapy, old age, comorbidity, and wide resection also significantly worsened QOL scores of specific domains.
Conclusion:
After subcranial extirpation of anterior skull base tumors, the overall outcome of the patients is good. Old age, malignancy, comorbidity, wide resection, and radiotherapyarenegativeprognosticfactorsforthesepatients'QOL. Surg. 2003; 129:1303 -1309 T HE IMPORTANCE of topics addressing quality of life (QOL) of patients with cancer is now being more and more acknowledged. Quality of life is assessed in an effort to improve treatment modalities, to promote restoration of patients' daily function, and to accelerate their return to normal life. Estimation of the influence of surgical procedures on QOL can serve as a means by which the most appropriate surgical approach can be selected for a given patient. Detailed understanding of the different aspects of QOL may help surgeons improve assessment and management of patients, identify specific impediments as early as possible during follow-up, and direct specific medical interventions to patients with increased risk and poor outcome. 1 Furthermore, early access of patients to detailed information about their disease can yield better adjustment to an imminent medical condition. 2 A multidimensional evaluation of QOL involves retrieving information on the physical, emotional, social, and economical aspects of patients' lifestyle, as well as on specific symptoms associated with their disease. Valid interpretation of the data requires disease-specific instruments that cover the morbidity associated with the site of cancer and its treatment. 3 The technical development of anterior skull base surgery has had a major positive impact on the long-term survival of patients with lesions involving the anterior cranial fossa and adjacent paranasal sinuses and orbits. 4 Nevertheless, this procedure may carry a considerable risk as well as serious morbidity. 5 The extended subcranial approach was developed for cases of traumatic injuries to the anterior skull base and was later adopted for surgical extirpation of tumors in this anatomical area. 6, 7 Subsequent reports have established this approach as a reliable treatment for anterior skull base tumors, 8, 9 but tumor control should not be the only goal of patient care. During the last decade, numerous studies have assessed QOL issues in patients with head and neck cancer 10, 11 ; however, to our knowledge, the physical and psychological sequelae of anterior skull base surgery in general and of the subcranial approach in particular have not been systematically evaluated.
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The aims of the present study were to assess the influence of surgery for extirpation of anterior skull base tumors on patients' QOL and to investigate possible predictors of functional outcome after surgery. Since skull base surgery differs from other head and neck procedures, the psychological, social, and physical wellbeing of the this group of patients were assessed using a disease-specific multidimensional questionnaire.
METHODS

PATIENTS
This study is based on a review of the hospital medical records of 69 patients (76 consecutive cases) operated on between 1994 and 2002 for extirpation of anterior skull base tumors at TelAviv Sourasky Medical Center, Tel-Aviv, Israel. All operations were performed via the subcranial approach to the anterior skull base and carried out by the same interdisciplinary team.
Inclusion criteria dictated that at least 3 months had to have passed since surgery. Of the 69 potential study candidates, 13 died of various causes, 5 did not reside in Israel, 5 were lost to follow-up, 5 patients were operated on less than 3 months before commencement of the study, and 1 patient was noncompliant. Thus, a total of 40 questionnaires were completed and analyzed. All the candidates who agreed to fill out a QOL questionnaire also gave a full medical history and underwent a physical examination on the same day. The demographic data of the patients are given in Table 1 . Comorbidity was defined according to the Charlson Comorbidity Index. 12 An independent physician conducted all the interviews to avoid any bias that could stem from surgeon-patient interaction.
The patients were at least 18 years old, were able to read and write, had no severe psychopathological or cognitive impairment, and gave their informed consent to participate in this survey. The study was approved by the Institutional Helsinki Committee.
QUESTIONNAIRE
The development of the questionnaire, including its reliability and validity, are described elsewhere. 13, 14 Six relevant domains were identified by factor analysis: role of performance (6 items), physical function (7 items), vitality (7 items), pain (3 items), specific symptoms (7 items), and impact on emotions (5 items). 18 Additional questions were included to cover symptoms specifically associated with anterior skull base tumors and its postoperative morbidity. These questions were derived from (1) interviews with head and neck surgeons, nurses and social workers, (2) interviews with patients, and (3) interviews with caregivers.
Seven more questions were included to cover aspects of altered taste, smell, and appearance, as well as of epiphora, nasal secretions, and visual disturbances, all of which were frequently found in our patients. All questions were phrased to detect differences in QOL between the preoperative and postoperative periods. Four general questions were also included to provide cross-sectional values of the different domains of QOL. The answers were given on an ordinal scale with either 5 levels (35 specific questions) or 3 levels (4 general QOL questions) that indicate the QOL change relative to the period before surgery. All questions had an identical level of importance. An example of this questionnaire is provided on our Web site (http://www.skullbase.dot.co.il).
SURGERY
Extirpation of anterior skull base tumors was performed via the subcranial approach in all patients. The surgical technique, complications, and outcome have been described in detail elsewhere. [6] [7] [8] [9] Fourteen patients underwent a type A osteotomy in which the anterior frontal sinus wall as well as the nasal frame are osteotomized and removed in 1 block. This approach is used for relatively small and anteriorly located tumors. Twenty-six patients underwent a type B osteotomy in which burr holes are made and the posterior frontal sinus wall is resected after the dura has been detached. Type B osteotomy was used for large and posterior tumors. The patients were followed up every 1 to 3 months for an average of 26 months. *Data are number (percentage) of patients unless otherwise specified. †Comorbidity includes myocardial infarction, chronic lung disease, heart failure, peripheral vascular disease, cerebrovascular accident, liver dysfunction, chronic renal failure, diabetes mellitus, and other malignancies.
‡Type A surgery: osteotomy and removal of the anterior frontal sinus wall and the nasal frame in one block. Type B surgery: osteotomy and removal of the anterior and posterior frontal sinus wall and the nasal frame. 
STATISTICAL METHODS
The t test, Spearman correlation coefficient, Cronbach ␣ coefficient, and the Mann-Whitney test were applied as appropriate. We considered a P value less than .05 to be significant and a P value less than .1 to be of borderline significance. The RyanEinot-Gabriel-Welsch multiple-range test was used to determine significant differences between pairs of groups. Multiple comparisons for the adjusted means were carried also using the studentized maximum modulus method.
RESULTS
Of the 69 patients operated on by us, 40 were enrolled in this study. The response rate for completing the questionnaire, after excluding the patients who died, were lost to follow-up, and were operated on within 3 months of the commencement of this study was 98% (40 of 41 patients). The tumors were malignant in 13 patients (33%) and benign in 27 (68%). There was no significant difference in age or sex between these 2 groups. The study population was divided into 2 groups according to the extent of the tumor: (1) confinement of the tumor to the paranasal sinuses and (2) intracranial extension of the tumor. In the group of patients with benign tumors, 21 (78%) of 27 had intracranial extension of the tumor. In the group of patients with malignant tumors, 12 (92%) of 13 had intracranial involvement. Table 3 provides a summary of the underlying pathologic conditions of the patients.
The study population was divided into the following subgroups: age, sex, type of surgery (osteotomy A or B), time from surgery, type of tumor, perioperative radiotherapy, and comorbidity. In the first section of the questionnaire, patients were asked to grade their overall postoperative QOL relative to their preoperative QOL. Figure 1 shows the overall results of 4 general questions relating to the effect of surgery on overall QOL, social activity, financial status, and emotional state. The results show that 15 patients (37%) reported a significant improvement in overall QOL and 15 (37%) reported no change in QOL after surgical removal of their tumor. The minority of our patients (10 [26%] ) answered that the surgical procedure worsened their QOL. The scores of the social, financial, and emotional state domains were lower relative to the overall QOL score (Figure 1) .
To obtain estimates on the specific influence of the subcranial approach on various aspects of QOL, each patient was asked to answer 35 questions related to 6 distinct domains: role of performance, physical function, vitality, pain, specific symptoms, and impact on emotions. The results are summarized in Table 4 . The domains of role of performance, physical function, vitality, and impact on emotions received lower scores than the overall QOL score. The domains of pain and specific symptoms had scores above the overall QOL.
To predict which of the patients may have poorer outcome after surgery, the study population was divided into 7 subgroups according to demographic and clinical characteristics (Table 4) . The mean physical function score of patients 60 years or younger was significantly higher than that of older patients. Patients with benign tumors reported higher scores in the domains of role of performance, physical function, specific symptoms, and impact on emotions compared with patients with malignant tumors. Interestingly, both groups reported only a minor influence of the aspect of pain on their QOL.
Perioperative radiotherapy was associated with significantly lower scores in the domains of specific symptoms and impact on emotions. Type B surgery, which involves osteotomy and en bloc removal of the anterior and posterior frontal sinus wall (see "Methods" section) was also associated with lower scores in the impact on emotions domain. As expected, patients with an additional illness reported lower scores of QOL in the physical function domain. There was no significant association between recurrent surgery and impaired QOL. Figure 2 summarizes the overall change in QOL among the different subgroups.
Another aspect of QOL is the length of recovery after surgery and the stability of scores over time. Although we did not estimated the QOL of patients at different points over the course of treatment, we tried to estimate the recovery time by comparing QOL scores among patients who were operated on 3 to 6 months, 6 to 24 months, and more than 24 months before commencement of the study. Figure 3 depicts the change in QOL relative to the time after surgery. The data show improvement in QOL measures 6 to 24 months following surgery relative to 3 to 6 months after the operation. Figure 3 also demonstrates stability of the overall QOL scores for a period of more than 6 months after surgery.
Twenty patients (50%) reported that they experienced anosmia, but only 9 (22%) claimed not to enjoy eating. Eleven patients (28%) had recurrent nasal secretion, 8 (20%) had epiphora, and 14 (35%) developed visual disturbances as result of their operation. While 17 patients (43%) reported being concerned about their appearance, only 11 (28%) indicated that the operation interfered with their social activity. Impaired performance at work was reported by 15 patients (38%), and 14 (35%) had a poorer financial status since their operation. Finally, 8 patients (20%) reported that the operation changed their relationships with their spouse.
COMMENT
Surgical procedures for resection of neoplasms of the anterior skull base can carry significant morbidity. 4 We had previously found that 44% of the patients may experience anosmia following surgery. 9 Other significant complications that may have influence on the functional outcome of patients are meningitis, cerebrospinal fluid leak, osteoradionecrosis and fistula, mucocele, and visual disturbances. 8, 19 Although various surgical techniques for extirpation of anterior skull base tumors have been established during the past 30 years, 4-9 to our knowledge, the impact of surgery on patient's QOL has not been delineated to date. The objective of the present study was to assess the long-term QOL of patients undergoing anterior skull base tumor resection via the subcranial approach. Since available instruments for estimation of QOL in patients with head and neck cancer do not encompass the condition of anterior skull base tumors, we have used a novel instrument for QOL assessment that was validated using standard psychometric criteria. 13, 14 The response rate in our study was 98%. This high rate may be directly associated with the fact that most of our patients are located in 1 region within driving distance from the medical center and undergo regular outpatient follow-up at our institution. The high response rate may also be attributed to the method of interview (ie, a face-to-face interview), which ensures compliance and decreases errors and missing items due to misunderstanding. Nevertheless, to diminish a possible bias, the interviewing health professional was not one of our clinical staff.
The overall results of this study show that the resection of tumors of the anterior skull base by the subcranial approach has a positive impact on the patients' QOL. Most of our patients (30 [75%]) reported that the surgical procedure improved or did not interfere with their overall QOL. The relatively good scores recorded for the role of performance, pain, and specific symptoms domains further demonstrate this positive impact of surgery on different aspects of QOL.
Most of the studies on QOL after skull base surgery were performed on patients with acoustic schwannoma. Nikolopoulos et al 20 used a disease-specific questionnaire for evaluating patients' QOL after resection of acoustic schwannoma and showed that more than 53% of their patients reported an overall decline in QOL-worse than the 24% in our study. They also showed that 29% of their patients had declined financial status as a consequence of the operation. Similar results were reported by da Cruz et al. 21 A negative impact of surgery on these patients is expected, since the preoperative health-related QOL is hardly affected by their clinical condition. In contrast, our patients presented with major symptoms such as nasal obstruction and secretion, diplopia, epiphora, epistaxis, headache, visual disturbances, and facial deformities. Most of these symptoms are relieved following tumor extirpation, so it can be expected that patients with anterior skull base tumors experience some degree of improvement in their QOL following surgery.
An interesting comparison could also be made between our patients and patients who have had meningiomas removed through various neurosurgical approaches. Mohsenipour et al 22 have recently shown that most patients after meningioma resection had mild to moderate impairment of QOL. Severe impairment was found in the physical handicap and energy level domains. Similar results were reported for meningiomas involving the cavernous sinus. 23 In another study that looked at the outcome of patients after excision of petroclival meningioma in which a standard lateral skull base approach was used, 24 76% of the patients reported good to moderate recovery at 1 year after the operation, but 43% to 75% of these patients were still functioning below accepted norms.
Studies on patients with malignant intracranial tumors have demonstrated severely deteriorating QOL measures, with marked decline in cognitive, physical, emotional, and social functioning after surgery. 25 In accordance with these studies, we also found that patients with malignant tumors have significantly poorer QOL scores compared with patients with benign lesions.
To our knowledge, the only study on patients with anterior skull base tumors was performed by Fukuda et al. 26 In their study, the authors evaluated the condition of 13 patients who underwent classic craniofacial resection of malignant tumors. Of the patients, 89% had some complaints and 63% of them reported that their QOL worsened after surgery. In contrast, among our 13 patients operated on for extirpation of malignant tumors via the subcranial approach, only 5 (38%) reported deterioration in their QOL following surgery. More studies are required to determine the preferable approach for extirpation of tumors in this anatomical area.
The stability of QOL following the first 6 months after surgery is an important issue in our study. We compared the QOL scores of patients operated on 3 to 6, 6 to 24, and more than24 months before the commencement of the study to estimate the dynamic change in QOL following surgery. We have found that during the first 6 months after surgery there was a gradual improvement in QOL measures, while later on no significant change in QOL was reported by the patients (Figure 3 ). This dynamic change in QOL measures after skull base surgery was similar to that found by De Jesus et al 23 for meningiomas involving the cavernous sinus butdifferentthanthatobservedforintracranialmalignancy. 25 Our study also indicates that old age has a negative impact on health-related QOL, especially in the physi- cal function domain. These results are consistent with the finding of Mohsenipour et al 22 for meningioma resection. In contrast, young patients had a worse overall QOL and financial status after excision of acoustic neuromas. 20 The discrepancy between the studies may emerge from the fact that young patients with acoustic neuromas benefit from a good preoperative QOL compared with young patients with anterior skull base tumors, who experience serious symptoms prior to surgery. It can be also presumed that younger patients cope better with anterior skull base neoplasms and surgery compared with older patients with similar conditions.
Perioperative radiotherapy was also found to predict poor QOL scores. As expected, a worse score was found in the specific symptoms domain. We also found significantly deteriorating emotional functioning in this group. Radiation therapy was used for patients with malignant tumors, and the combination of both factors (malignancy and radiation therapy) probably contributed to the deteriorating emotional states of these patients. Similar effects on the patient's overall QOL and emotional state were found in patients receiving radiation therapy for head and neck cancer 16 or other neoplasms. 27 We recently reported a retrospective study of 175 skull base operations performed without hair removal. 28 Our results showed that a skull base operation without hair removal does not carry additional risk for wound infection and contamination compared with the rates reported for identical procedures in which the hair was removed. Avoiding hair shaving may have contributed to the improved short-term QOL in our patients by sparing them additional psychological stress, promoting the restoration of their self-image, and accelerating their return to normal life.
Our study involves a single group of patients operated on by 1 group of surgeons in the same medical institute. Therefore, our results may be applicable for this selected population alone, while the impact of other surgical approaches to the anterior skull base on QOL needs to be established. The main limitation of our study is that it involves a retrospective analysis of patients with different types of neoplasms operated on during a period of 8 years. Further prospective, multicenter studies are required to assess more accurately the QOL measures of patients with various anterior skull base tumors. Comparative studies are essential to examine the impact of different surgical modalities with no clear survival advantage on patients' QOL.
CONCLUSIONS
The overall QOL in most patients after anterior skull base tumor extirpation can be classified as good, with significant improvement within 6 months following surgery. The worst impact of surgery was on the patients' financial and emotional QOL domains. Old age, malignancy, comorbidity, radiotherapy, and wide surgery were found to be negative prognostic factors for QOL measures. These findings can be applied for targeting medical resources to improve QOL measures in this group of patients.
